The microbial conversion of zearalenone by various species of fungi was studied. Among them, Rhizopus sp. was the sole fungus which produced a new metabolite from zearalenone in addition to a-and I-zearalenol. The structure of the new metabolite was determined to be zearalenone 4-0-D-glucopyranoside on the basis of mass, infrared, and nuclear magnetic resonance spectroscopies. The results suggest that the mycelium of Rhizopus sp. catalyzes the glycosidation at the C-4 position of zearalenone.
little is known abopt the microbial conversion of mycotoxins (17) .
I studied the transformation of zearalenone by nonmycotoxigenic fungi, and in this paper the formation of a glucose conjugate is reported.
MATERIALS AND METHODS
Chemicals. Zearalenone used in this study was prepared in my laboratory. Zearalenone was isolated from a corn grits culture of Fusarium graminearum (NHL-F-1116). a-and ,-Zearalenol were kindly provided by Y. Ueno (Tokyo University of Science). All other reagents used were of analytical grade.
Organisms.The fungal strains used in this study were the following: Alternaria alternata, Cladosporium cladosporioides, Penicillium frequentans, Aspergillus flavus, Fusarium acuminatum, and Rhizopus sp. originally isolated from the airborne fungi in our laboratory. All cultures were maintained on potato-glucose agar slants (Eiken Chemical Co., Ltd., Tokyo, Japan). They were stored at 4°C.
Inoculation. The strains were cultivated on potato-glucose agar slants for about 10 days at 25°C until they were well sporulated. The spores were harvested in 1% Driwel (0.1% polyethylene oxide sorbitan monooleate; Fuji Photo Film Co., Ltd., Tokyo, Japan), and the spore suspension thus obtained was further adjusted with sterile 1% Driwel to give a final spore concentration of approximately 104 spores per ml.
Conversion of zearalenone by growing cells. A 1-ml portion of the spore suspension was inoculated in 100 ml of CzapekDox medium containing 0.01% zearalenone as the sole carbon source. Incubation was for 30 days at 25°C under stationary conditions. Extraction and analysis of zearalenone and its metabolites. After the incubation period, the culture filtrate was collected by filtering through glass wool and extracted three times with equal amounts of chloroform, and the extract was, after drying with anhydrous sodium sulfate, evaporated to dryness under reduced pressure. The residue was dissolved with methanol, and its components were determined by thin-layer chromatography (TLC)-densitometry and highpressure liquid chromatography. The new metabolites were separated from the crude extract by column chromatography on silica gel with chloroform-methanol, recrystallized, and identified from their spectroscopic properties as shown below.
Chromatography Isolation of a new metabolite formed by Rhizopus sp. Zearalenone (20 mg) dissolved in 10 ml of ethanol was added to 200 ml of the low-salts medium which contained (per liter): 85 g of sucrose, 10 g of asparagine, 3.5 g of (NH4)2SO4, 750 mg of KH2PO4, 350 mg of MgSO4-7H20, 75 mg of CaC12 2H20, 10 mg of ZnSO4 7H20, 5 mg of MnCl2. 4H20, 2 mg of ammonium molybdate 4H20, 2 mg of Na2B407, and 2 mg of FeSO4 7H20. A 1-ml portion of the Rhizopus sp. spore suspension (104 spores per ml) was inoculated into the above medium, and the culture was incubated for 5 days at 25°C under stationary conditions. After incubation, the mycelium was filtered. The filtrate was extracted three times with equal amounts of chloroform. After evaporation of the solvent, the residue was dissolved in 5 ml of methanol and applied to a column of Kieselgel 60 (70/230 mesh; 30 g; Merck) which was eluted successively with 50 ml of chloroform and 200 ml each of the following concentrations of the methanol in chloroform: 5, 10, and 20%. The eluate with 20% methanol in chloroform was further purified on Kieselgel TLC plates with chloroformmethanol (93:7, vol/vol). The unknown substance was recrystallized from benzene-methanol (99:1, vol/vol) to give a pure product. The yield of the substance was 56% from zearalenone after incubation for 5 days. RESULTS AND DISCUSSION Metabolism of zearalenone by fungi in culture broth. When zearalenone was incubated at 25°C with the growing mycelium of Alternaria alternata, zearalenone was transformed into a-zearalenol and P-zearalenol in the filtrate (Fig.   1 ). Zearalenone was gradually reduced from day 5 after inoculation, while a-zearalenol resulting from the reduction of C-6' of zearalenone appeared from day 7 and ,-zearalenol appeared from day 10, and both of them increased with time. Similar experiments were performed separately with C. cladosporioides, P. frequentans, Aspergillus flavus, and F. acuminatum, resulting in the same phenomenon as described in Fig. 1 in all cases.
In contrast to these results, however, when zearalenone was incubated with Rhizopus sp., a new metabolite in addition to ax-and P-zearalenol appeared. The substance emitted strong fluorescence under UV irradiation on a TLC plate and was produced from day 5 and increased with time (Fig. 2) . This substance was considered to be a derivative of zearalenone or some reaction product thereof because it did not appear in a reference culture of Rhizopus sp. without zearalenone (Fig. 3) .
Chemical structure of the metabolite formed by Rhizopus sp. The metabolite formed by Rhizopus sp. was isolated as described in Materials and Methods. To analyze the structure of this unknown substance, field-desorption mass spectrometry (FD-MS) was conducted, and the mass spectrum shown in Fig. 4 formed from hexose and zearalenone (molecular weight, 318) as a glycoside. Additionally, m/z 318 corresponding to zearalenone and mlz 163 corresponding to hexose minus one hydroxyl group were observed, while a fragment, mlz 503, in which 23 was added to the molecular ion peak, was observed, as is well known in glycosides.
To confirm the structure, I hydrolyzed the unknown substance by heating it with trifluoroacetic acid for 8 h. After hydrolysis, the trifluoroacetic acid was evaporated under reduced pressure, water was added to the hydrolysate, and the resulting solution was shaken with chloroform. The aqueous layer was developed on a cellulose plate with ethyl acetate-pyridine-acetic anhydride-water (5:5:1:3, vol/vol), and the presence of glucose was confirmed by the color reaction with alkaline silver nitrate.
The sugar fraction was further reduced by the addition of sodium borohydride, the reaction mixture was acetylated with acetic anhydride, and the product was applied to a GC with 3% ethylene succinate-cyanoethyl silicone polymer.
The gas chromatogram of the product was coincident with that of the alditol acetate of glucose. From these results, the sugar moiety was identified as glucose. From the chloroform layer, only zearalenone was detected as the aglycone by TLC and GC.
In the 13C-NMR spectrum of the unknown substance shown in Table 1 For futher confirmation of the bonding position of the aglycone, 'H-NMR spectroscopy was done. (Fig. 5 and Table 2 ). The proton signals at the 3 and 5 positions of zearalenone appeared at 6.2 ppm (J = 2.3 Hz) and 6.3 ppm (J = 2.3 Hz), respectively, while the signals of the glucoside were shifted to 6.5 ppm (J = 2.4 Hz) and 6.6 ppm (J = 2.4 Hz), respectively. The phenolic hydroxyl group at the 2 position appearing at 11.7 ppm in zearalenone still occurred at 11.48 ppm in the glucoside, while the proton of the phenolic hydroxyl group at the 4 position, observed at 9.9 ppm in zearalenone, disappeared in the glucoside.
Finally, methylation analysis of the unknown substance was carried out by the method of Hakomori (8) . The methylated substance was hydrolyzed with acid, converted into alditol acetates, and analyzed by GC-MS (Fig. 6) . 1,5-Di-Oacetyl-2,3,4,6-tetra-O-methylglucitol was identified from the methylated substance.
Thus, the unknown substance was identified as zearalenone 4-p-D-glucopyranoside (Fig. 7) .
It is generally considered that mycotoxins are produced during the mutual competition of several fungi and that mycotoxins once produced are taken up by other fungal cells as carbon sources and may be metabolically converted to new substances.
In these experiments, when a medium containing zearalenone was inoculated with various kinds of fungi, the reduction products ox-and ,-zearalenol appeared. When Rhizopus sp. was inoculated, an unknown substance emitting fluorescence under UV irradiation was formed, and this substance was proved to be formed by the glucosidation of zearalenone. The mechanism of the glycosidation in the fungal cell may provide new insights in the field of glycoside chemistry.
